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(54) ELECTRON BEAM APPARATUS 

(57) An electron beam (4) to be irradiated onto a 
sample (10) is two-dimensionally scanned by a scan- 
ning coil (9), and secondary electrons generated from 
the sample (1 0) by the scanning are detected by a sec- 
ondary electron detector (13). A deflection coil (15) for 
image shifting is used for electrically deflecting the pri- 
mary electron beam to shift a field of view for image shift 
in an arbitrary direction by an arbitrary amount. By the 
image shift, the primary electron beam (4) to be irradi- 
ated onto the sample is energy dispersed to degrade 
the resolution. However, an ExB field producer (30) for 
dispersion control gives the primary electron beam en- 
ergy dispersion in the opposite direction and having the 
equal magnitude. Therefore, the energy dispersion pro- 
duced in the primary electron beam by the image shift 
is automatically corrected. 



FIG, 1 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to an electron s 
beam apparatus, and particularly to an electron beam 
apparatus such as a scanning electron microscope for 
performing evaluation of a micropattem in a semicon- 
ductor device or general-purpose observation of a gen- 
eral sample. 10 

BACKGROUND ART 

[0002] An electron beam apparatus such as a scan- 
ning electron microscope obtaining a scanning image of is 
a sample by scanning a primary electron beam on the 
sample is used for a purpose of pattern evaluation such 
as inspection or measurement of a micropattem in a 
semiconductor device. The apparatus of such a kind 
comprises an image shift function for electrically shifting 20 
an electron beam irradiation area (a field of observation 
view) within a range of several u.m to 10ujh by electri- 
cally deflecting the primary electron beam in order to 
shift the field of observation view to an evaluation point 
with high accuracy. 25 
[0003] On the other hand, in a scanning electron mi- 
croscope used for a general-purpose observation of a 
general sample, a field of observation view is mainly 
shifted by mechanically shifting a sample stage. How- 
ever, because the mechanical shifting of the stage be- 30 
comes difficult when the magnification of observation is 
high, image shift is used in order to shift a field of obser- 
vation view to the observation center. In this case, since 
the field of observation view can be more speedily shift- 
ed in a wide range, as the shifting amount of the field of 35 
observation view by the image shift is larger, operability 
of the apparatus can be improved. 
[0004] Further, in the measurement of semiconduc- 
tors or high-technology materials, a low acceleration 
voltage lower than several kV is generally used in order *o 
to prevent samples from being charged, and necessity 
of performing nanometer order observation is increas- 
ing. Therefore, in order to improve the resolution under 
the low acceleration voltage by reducing the aberration 
of the objective lens, the scanning electron microscope 45 
for this purpose is used by shortening the focal distance 
of the objective lens, or by applying a negative voltage 
to the sample (retarding method). 
[0005] In the retarding method of applying a negative 
voltage to the sample, secondary electrons generated so 
from the sample are accelerated by the voltage applied 
to the sample to travel to the upper portion of the objec- 
tive lens. Therefore, as described in the specification of 
Patent No.2821153, by producing an electric field and a 
magnetic field intersecting each other at right angle (an ss 
Ex B field) in the upper portion of the objective lens, the 
path of the secondary electrons generated from the 
sample is deflected to b separated from the path of the 



primary electrons traveling from an electron source, and 
thus the secondary electrons are detected by a second- 
ary electron detector in high efficiency. Further, The 
specification of Patent No.28211 53 discloses a method 
in which in order to eliminate the chromatic aberration 
produced by the ExB field, another ExB field is provid- 
ed in the side of the electron source at a position closer 
to the electron source than the ExB field for deflecting 
the secondary electron, and the chromatic aberration of 
the ExB (E-cross-B) field for deflecting the secondary 
electron is canceled by the chromatic aberration pro- 
duced by the ExB field provided in the side of the elec- 
tron source. However, in the technology described in the 
specification if Patent No.2821153, the energy disper- 
sion to be corrected is only the energy dispersion pro- 
duced in the deflection direction (only a single direction) 
of the secondary electrons. 

[0006] The image shift function for shifting the field of 
observation view in an arbitrary direction by an arbitrary 
amount by electrically deflecting the primary electron 
beam is a function indispensable to the electron beam 
apparatus for obtaining a scanning image with high res- 
olution and in high magnification, as described above. 
However, when image shift is performed, the primary 
electron beam is energy-dispersed corresponding to the 
amount of image shift in the shift direction to cause deg- 
radation in the resolution. The degradation in the reso- 
lution becomes an un-negligible problem as the resolu- 
tion of the apparatus is increased. 

DISCLOSURE OF INVENTION 

[0007] An object of the present invention is to provide 
an electron beam apparatus suitable for performing im- 
age shift in an arbitrary direction without degrading the 
resolution. 

[0008] From a point of view, the present invention is 
characterized by an electron beam apparatus compris- 
ing an electron source for emitting an electron beam; a 
focusing lens for focusing the electron beam; and a 
means for producing a scanned image of a sample by 
scanning the focused electron beam, which further com- 
prises an energy dispersion control means capable of 
energy-dispersing the electron beam and producing the 
energy dispersion in an arbitrary direction on a plane 
intersecting an axis of the electron beam. 
[0009] From another point of view, the present inven- 
tion is characterized by an electron beam apparatus 
comprising an electron source for emitting an electron 
beam; a focusing lens for focusing the electron beam; 
and a means for producing a scanned image of a sample 
by scanning the focused electron beam, which further 
comprises means for generating an electric field and a 
magnetic field intersecting each other at right angle on 
an axis of the electron beam; and a means for controlling 
strengths of the electric field and the magnetic field so 
that shift of a deflected direction of the electron beam 
by the electric field and the magnetic field is set to 1 80°, 
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and a deflection angle ratio of the electron beam of the 
electric field to the magnetic field becomes 1 to 2. 
[0010] The other objects and features of the present 
invention will appear in the course of the following de- 
scription referring to the accompanied figures. 

BRIEF DESCRIPTION OF DRAWINGS 

[0011] 

FIG. 1 is a block diagram showing an embodiment 
of an electron beam apparatus in accordance with 
the present invention. 

FIG. 2 is a diagram showing the construction of the 
dispersion control ExB field generator of FIG. 1 . 
FIG. 3 is a view showing an example of a picture on 
the image display of FIG. 1. 
FIG. 4 is a flowchart showing an automatic adjust- 
ment flow of the dispersion control ExB field. 
FIG. 5 is a graph showing the relationship between 
the dispersion control ExB field and the amount of 
image shift. 

FIG. 6 is a flowchart showing a procedure of deter- 
mining correction coefficients and control coeffi- 
cients in the dispersion control ExB field generator. 
FIG. 7 is a view explaining path -dispersion caused 
by electrical deflection of a primary electron beam. 
FIG. 8 is a view showing cross-sectional shapes of 
a primary electron beam before and after experi- 
enced energy dispersion. 

FIG. 9 is a view explaining the principle of producing 
the path-deflection of the primary electron beam by 
a focusing lens. 

FIG. 10 is a diagram showing the construction of a 
general ExB field generator. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0012] An electron beam emitted from an electron 
source has deviation in energy due to characteristics of 
the electron source. For example, an electron beam 
emitted from an electron source of a Schottky type ob- 
tainable of a high bright electron beam has an energy 
width of 0.4 eV to 0.6 eV. When the electron beam hav- 
ing such energy deviation is electrically deflected, the 
electron beam reaching a sample is energy dispersed 
corresponding to the deviation in energy because the 
amount of deflection depends on the energy of the 
beam. Since the energy dispersion causes a blur of the 
electron beam, the resolution is degraded. Before de- 
scribing concrete embodiments of the present invention, 
the principle of the degradation of resolution will be de- 
scribed first. 

[001 3] Referring to FIG . 7, the primary electron beam 
4 is deflected by a magnetic field produced by a deflec- 
tion coil 15 to be irradiated onto a sample 10 through a 
center of an objective lens 7. Letting a deflected amount 
on the sample 1 0 of the primary electron beam deflected 



by the deflection coil 15 be r d , the deflected amount r d 
can be expressed as follows. 

s R d = k d .l d .V« 1/2 (1) 

Where, kj is a deflection sensitivity coefficient deter- 
mined by shape and number of winding turns of the de- 
flection coil 15, and l d is a current of the deflection coil 

10 15, and V^ is an acceleration voltage of the electrons 
passing through the deflection coil 15. 
[001 4] When the primary electrons of the acceleration 
voltage are received the deflecting action of r d by 
the deflection coil 15, the electron beam on the sample 

1* 1 0 receives path dispersion expressed by the following 
equation by the energy deviation (energy dispersion) AV 
of the primary electron beam 4 because change in the 
energy of the electron beam is equivalent to change in 
the acceleration voltage. That is, 

20 

Ar d = (dr d /dV acc ). Av = -0.5. rd. (AV/V^) (2) 

Since the path dispersion causes blur of the electron 

25 beam, the resolution is degraded. For example, provid- 
ing that the acceleration voltage (V acc ) is 1 kV, the image 
shift amount (r d ) is 10 urn, and the energy width (AV) of 
the electron beam is 0.4 eV, path dispersion (blur of 
beam) calculated by Equation (2) becomes 2 nm. That 

30 is, when image shift of 10u,m is performed, the path dis- 
persion (blur of beam) of 2 nm occurs in a direction cor- 
responding to the image shift. This means that, for ex- 
ample, in an apparatus capable of obtaining a resolution 
of 1 0 urn, shape of the beam is changed from FIG. 8 (a) 

35 to (b) as shown in the figure by image shift of 1 0 u.m, 
which means that the resolution is degraded 4 nm in the 
direction of the path dispersion. 
[0015] Although a magnetic field type objective lens 
is generally used for focusing the primary electron 

40 beam, an electric field for decelerating the primary elec- 
tron beam is often produced between the objective lens 
and a sample in order to further increase the focusing 
power. This method is known as the retarding method. 
In such an electron optical system, when the primary 

45 electron beam is deflected to be orthogonally incident 
to the objective lens in order to shift the image, the path 
dispersion is aggravated by the deceleration electric 
field between the objective lens and the sample. The 
degree of the path dispersion by the deceleration elec- 

50 trie field between the objective lens and the sample de- 
pends on the amount of image shift and the strength of 
the deceleration electric field. 

[001 6] In order to focusing the primary electron beam 
onto the sample, a plurality of focusing lenses including 
55 the objective lens is generally used. In such an electron 
optical system, when the primary electron beam passes 
along a path offsetting from the central axis of the focus- 
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ing lens, in addition to the primary focusing action a de- 
flecting action also appears in the focusing lens, as 
shown in FIG. 9. By this deflecting action, path disper- 
sion caused by the energy deviation AV of the primary 
electron beam occurs similarly to the case of the image s 
shift. 

[001 7] Since a conventional electron beam apparatus 
cannot obtain the resolution equal to or lower than about 
2 nm using an acceleration voltage of 1 kV, the energy 
dispersion caused by the image shift or the offset from 10 
the axis of the objective lens has not been recognized. 
Only the specification of Patent No.2821153 discloses 
a method of correcting an energy dispersing action in 
which the strong energy dispersing action produced in 
an ExB field provided for deflecting the path of accel- is 
erated secondary electrons is recognized to be only a 
factor degrading the resolution. Moreover, the correc- 
tion method disclosed in the specification of Patent No. 
2821153 is to correct only the dispersion in a single di- 
rection caused by the ExB field for deflecting the sec- 20 
ondary electrons, but correction of the above-mentioned 
energy dispersion two-dimensionally produced in the ar- 
bitrary direction is not considered at all. This comes from 
that the effect of the energy dispersion caused by the 
image shift and the offset from the axis of the objective 25 
lens cannot have been recognized. 
[0018] The energy dispersion of the primary electron 
beam can be corrected by producing opposite-direction 
energy dispersion. However, in the case where the dis- 
persing action occurs two-dimensionally in an arbitrary 30 
direction as described above, it is necessary that energy 
dispersion for correcting the above energy dispersion is 
produced in an arbitrary direction. 
[0019] In order to produce the energy dispersion in the 
primary electron beam, an electric deflecting action 35 
should be given to the primary electron beam. At that 
time, when the deflection action is produced by a mag- 
netic field and an electric field in directions opposite to 
each other, only energy dispersion caused by deviation 
of the beam energy can be produced in the primary elec- *o 
tron beam without deflecting the path to the primary 
electrons of the average energy. In order to do so, the 
electric field and the magnetic field giving the deflecting 
action to the primary electron beam should be produced 
so as to intersect each other at right angle. This principle 45 
Is known as the Wein filter or the ExB (E cross B). 
[0020] The ExB is usually used for improving uni- 
formity in energy of the primary electron beam (an en- 
ergy filter) or for separating electrons having largely dif- 
ferent energy or electrons traveling in directions oppo- so 
site to each other. In this purpose, an ExB composed 
of a pair of electrodes and a pair of magnetic field gen- 
erators shown in FIG. 10 is generally used because it is 
sufficient to produce the deflecting action only in a spec- 
ified direction. Otherwise, as described in Japanese ss 
Patent Application Laid-Open N0.6- 132002, a pair of 
electrodes and two pairs of coils are arranged to im- 
prove the orthogonality between the electric field and 



the magnetic field. 

[0021] On the other hand, the energy dispersion of the 
primary electrons generated by the deflection such as 
image shift will be produced all the directions corre- 
sponding to the moving direction of image shift. There- 
fore, it is necessary to control the direction and the mag- 
nitude of the electric field and the magnetic field corre- 
sponding to the motion of the image shift. Accordingly, 
the means for producing the ExB field for dispersion 
control is composed of two pairs of electric field gener- 
ators and two pairs of magnetic field generators ar- 
ranged orthogonally to each other, as shown in FIG. 2. 
[0022] Description will be made below on the method 
of producing the energy dispersion of an arbitrary direc- 
tion and an arbitrary magnitude in the primary electron 
beam on the plane crossing (intersecting) the axis of the 
electron beam at right angle, referring to FIG. 2. 
[0023] Referringto FIG. 2, the electric field generators 
and the magnetic generators are arranged so that the 
reflection fulcrums to the primary electron beam are po- 
sitioned on a single plane. The electric field generators 
are composed of a first pair of ExB control electrodes 
36a, 36b and a second pair of ExB control electrodes 
37a, 37b producing electric fields intersecting each oth- 
er at right angle, and the first pair of electrodes and the 
second pair of electrodes are individually arranged op- 
posite to each other. The magnetic field generators are 
composed of a first pair of ExB control deflection coils 
38a, 38b and a second pair of ExB control deflection 
coils 39a, 39b producing magnetic fields intersecting 
each other at right angle, and the first pair of coils and 
the second pair of coils are individually arranged oppo- 
site to each other. The electric field produced by the first 
pair of electrodes intersects the magnetic field produced 
by the first pair of coils at right angle, and the electric 
field produced by the second pair of electrodes inter- 
sects the magnetic field produced by the second pair of 
coils at right angle. 

[0024] In regard to the ExB control voltages Vx, Vy, 
voltages having different polarities (Vx, -Vx), (Vy, -Vy) 
are applied to the individual pairs of electrodes (36a, 
36b, 37a, 37b), respectively. On the other hand, the con- 
trol voltages (Vx, Vy) are also supplied to a voltage syn- 
thesis circuit 35 to be performed with voltage-current 
conversion expressed by the following equations, and 
then supplied to the individual pairs of ExB control coils 
(38a, 38b, 39a, 39b) as currents Ix, ly. 

Ix = (Kxx. Vx + Kxy. Vy). Vacc" 1/2 (3) 



ly = (Kyx. Vx + Kyy. Vy). Vacc" 1/Z (4) 

[0025] There, the values Kxx, Kxy, Kyx and Kyy are 
set so that the deflecting actions of the primary electron 
beam by the electric fields produced by the voltage Vx 
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and Vy and by the magnetic fields controlled by Equation 
(3) and Equation (4) are canceled each other, respec- 
tively. This setting can be performed, for example, by 
modulating or ON/OFF operating the control voltage Vx 
to monitor motion of the primary electron beam on the s 
sample (motion of the scanned image), and adjusting 
the condition of Kxx and Kxy so as to stop the motion. 
Otherwise, the ExB control voltage Vx is set to preset 
different conditions (for example, Ov and 5v), and a 
means for capturing images obtained from each of the 10 
conditions is provided to detect displacement between 
the captured images through image processing, and 
then the optimum condition of Kxx and Kxy can be au- 
tomatically determined from the displacement through 
calculation predetermined by an experiment, a Simula- 15 
Won or the like. In regard to the voltage Vy, the values 
Kyx and Kyy can be set the similar adjustment. Once 
these values are adjusted, the condition of always can- 
celing the deflecting action of the primary electron beam 
by the E x B field can be held by the acceleration voltage 20 
linked control (Vacc-"" 2 ) in Equation (3) and Equation (4) 
even if the acceleration voltage Vacc is varied. There- 
fore, by controlling the ExB control voltages Vx and Vy, 
energy dispersion corresponding to the control voltages 
can be produced in the primary electron beam without 25 
giving any deflecting action to the primary electron 
beam. 

[0026] As described above, according to the ExB 
field generator of FIG. 2, the condition of canceling the 
deflecting action to the primary electron beam (the Wien 30 
condition) is satisfied, and at the same time the energy 
dispersion can be produced in an arbitrary direction. 
Therefore, by pre-understanding the direction and the 
magnitude of the energy dispersion received by the pri- 
mary electron beam focused onto a sample to the direc- 35 
tion and the magnitude of image shift, control of the ExB 
in linking with the image shift can be performed. 
[0027] In the case where an electric field for deceler- 
ating the primary electron beam is produced between 
the objective lens and the sample to increase the reso- 40 
lution, the magnitude of energy dispersion produced in 
the primary electron beam also depends on the decora- 
tion electric field. Therefore, the control is performed in 
linking with not only the image shift but also the strength 
of the deceleration electric field (for example, in linking 45 
with the negative voltage applied to the sample). This 
control can be performed by pre-investigating the rela- 
tionship between the strength of the deceleration elec- 
tric field and the correction amount of the energy disper- 
sion through calculation or an experiment, and then in- so 
stalling the relationship into the control program. 
[0028] Further, in regard to energy dispersion caused 
by a factor other than the image shift such as energy 
dispersion caused by the primary electron beam pass- 
ing through out of the axis of the focusing lens, it is pos- ss 
sible to apply ExB control voltages so as to producing 
energy dispersion canceling the energy dispersion 
caused by the factor other than the image shift. Howev- 



er, since the energy dispersion component caused by 
the offset of the axis of the focusing lens depends on 
the accuracy of axis adjustment, a m ans capable of 
manually adjusting (correcting) the energy dispersion is 
provided. 

[0029] Further, the energy dispersion received by the 
primary electron beam to the intensities of the electric 
field and the magnetic field composing the ExB varies 
depending on not only the acceleration voltage but also 
depending on the operating condition of the electron op- 
tical system typical of the focusing distance of the lens. 
Further, in the construction of electron optical system in 
which an acceleration electrode for accelerating the pri- 
mary electrons is arranged the objective lens portion in 
order to improve the resolution of low acceleration volt- 
age, the magnitude and the direction produced in ener- 
gy dispersion are varied by the voltage applied to the 
acceleration electrode. Therefore, it is possible to avoid 
the energy dispersion of the primary electron beam 
(degradation of the resolution) to the arbitrary operating 
condition of the optical system or the arbitrary image 
shift by pre-understanding the relationship between the 
control voltage of the ExB and the operating parame- 
ters of the electron optical system or the applied voltage 
of the acceleration electrode of the objective lens 
through an experiment or simulation to link the control 
voltage of the E x B the operating parameters of the elec- 
tron optical system. 

[0030] In the case where the energy dispersion of the 
primary electron beam is mainly caused by the image 
shift, a beam deflection means not producing energy 
dispersion can be employed. It has been found a meth- 
od that by employing a means (an ExB field producing 
means) for producing an electric field and a magnetic 
field in an arbitrary direction while maintaining to inter- 
sect each other at right angle as the means of this type, 
the ratio of the deflection angle by the magnetic field of 
the primary electron beam to the deflection angle by the 
electric field is maintained be two times. According to 
this method, energy dispersion never produced to an ar- 
bitrary beam deflection at all from the following reason. 
[0031] Deflection angles 8E and 9B of electrons of en- 
ergy Vacc by the electric field E and the magnetic field 
B can be expressed as follows, respectively. 

8E = KE. VE/Vacc (5) 

9B = KB. IB/VVacc (6) 

Here, letting the variations (dispersions) of deflection 
angle of the electron beam by the energy deviation Av 
be A6E and A8B, respectively, the following equations 
can be obtained. That is, 

A8E = (d8E/dVacc). Av 
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= -(AV/Vacc). 6E (7) 



A6B = (dGB/dVacc). Av 
= -0.5(AWVacc). 6B (8) 

When the deflection amounts by the electric field and 
the magnetic field are equal to each other, the magni- 
tude of energy dispersion produced by the electric field 
is two times as large as that produced by the magnetic 
field. Therefore, if the intensities of the electric field and 
the magnetic field of the Ex B field are set so that the 
deflection angle by the magnetic field becomes two 
times as large as the deflection angle by the electric field 
and that the deflection directions of the primary electron 
beam by the electric field and the magnetic field be- 
comes opposite to each other, the energy dispersions 
by the electric field and the magnetic field are canceled 
by each other. In other words, letting the amount of de- 
flection of the primary electron beam by the electric field 
(the value on the sample) be rd, and the amount of de- 
flection of the primary electron beam by the magnetic 
field be 2rd in the direction opposite to the direction of 
the deflection by the electric field, energy dispersion as- 
sociated with the beam deflection is not produced at all, 
and accordingly the degradation of the resolution does 
not occur. At that time, the total amount of deflection of 
the primary electron beam becomes the difference rd 
between the amounts deflected by the magnetic field 
and the electric field (because the deflected directions 
caused by the magnetic field and the electric field are 
opposite to each other), and accordingly the deflecting 
means not producing energy dispersion can be materi- 
alized. In an image shift function in a common appara- 
tus, when the primary electron beam is deflected using 
the beam deflecting means arranged above the objec- 
tive lens, two deflecting means are arranged in two stag- 
es along the optical axis and operated so that the aber- 
ration of the objective lens produced by the deflection 
may be minimized. By replacing these two-stage beam 
deflecting means by the above-mentioned ExB fields 
each controlled so that the amounts of deflection of the 
electric field and the magnetic field may become twice, 
an image shift function not producing the degradation of 
the resolution caused by the energy dispersion can be 
realized. 

[0032] Further, the ExB field controlled so that the 
amounts of deflection of the electric field and the mag- 
netic field may become twice may be used not only for 
image shift as a deflector not producing chromatic ab- 
erration but also for a deflector for aligning the primary 
electron beam. 

[0033] A preferred embodiment in accordance with 
the present invention will be described below. Referring 
to FIG. 1 , a voltage is applied between a cathode 1 and 
a first anode 2 by a high voltage control power source 



20 controlled by a microprocessor (CPU) 40 to extract 
a primary electron beam 4 in a preset emission current 
from the cathode 1 . Since an accelerating voltage is ap- 
plied between the cathode 1 and a second anode 3 by 
5 the high voltage control power source 20 controlled by 
the CPU 40, the primary electron beam 4 emitted from 
the cathode 1 is accelerated and travels to a post lens 
system. The primary electron beam 4 is focused by a 
focusing lens 5 controlled by a lens control power source 
10 21 , and after removing an unnecessary region of the pri- 
mary electron beam by an aperture plate 8, the primary 
electron beam 4 is focused on a sample 1 0 as a micro- 
spot by a focusing lens 6 controlled by a lens control 
power source 22 and an objective lens 7 controlled by 
is an objective lens control power source 23. The objective 
lens 7 is a kind of focusing lens, and each of the focusing 
lens 6 and the objective lens 7 is of a magnetic field type 
in which a focusing lens action is generally produced by 
conducting exciting current. 
20 [0034] The primary electron beam 4 is two-dimen- 
sionally scanned on the sample 1 0 by a scanning coil 9. 
A secondary signal (a sample signal) 12 such as sec- 
ondary electrons generated from the sample by irradi- 
ating the primary electron beam travels above the ob- 
25 jective lens 7, and then is separated from a path of the 
primary electron beam 4 and deflected toward a sec- 
ondary signal detector 13 by an orthogonal electric- 
magnetic field generator 1 1 for separating the second- 
ary signal. The reflected secondary signal 1 2 is detected 
30 by the secondary signal detector 1 3. A signal of the sec- 
ondary signal detector 13 is stored in an image memory 
25 as an image signal through a signal amplifier 1 4. The 
image information stored in the image memory 25 is dis- 
played on an image display unit 26 at any time. A signal 
35 to the scanning coil 9 is controlled by a scanning coil 
control power source 24 corresponding to an observa- 
tion magnification ratio. A deflecting coil 15 for image 
shift is arranged at a position of the scanning coil 9, and 
is controlled by an image shift control power source 27 
40 corresponding to a necessary shifting amount of field of 
view. 

[0035] A negative voltage VR (retarding voltage) is 
applied to the sample 1 0 to decelerate the primary elec- 
trons at a position just before the sample. Further, a 

45 booster electrode 1 6 for temporarily accelerating the pri- 
mary electrons is arranged in a portion of the objective 
lens 7, and a positive voltage is applied to the electrode. 
The retardant voltage and the booster voltage are con- 
trolled by the control CPU 40 to improve the resolution 

50 under a low acceleration voltage condition. 

[0036] A dispersion control ExB field generator 30 
capable of giving arbitrary energy dispersion to the fo- 
cused electron beam on the sample 1 0 is arranged be- 
tween the scanning coil and the focusing lens 6, and is 
controlled by a control power source 31 . The dispersion 
control ExB field generator 30 and the control power 
source 31 have the construction shown in FIG. 2, and 
the control voltages Vx and Vy and the coil currents Ix 
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and ly are controlled by the control CPU 40 so as to sat- 
isfy Equation (3) and Equation (4). 
[0037] A knob 32 on an operating panel is connected 
to the control CPU 40, and values of the coefficients 
(Kxx, Kxy, Kyx, Kyy) of Equation (3) and Equation (4) 
can be input to the control CPU 40 by. adjusting the knob 
32 at adjusting the dispersion control ExB. At adjusting 
the dispersion control ExB, signals are given from the 
control CPU 40 to the control power source 31 so that 
the control voltages (Vx, Vy) of the dispersion control 
ExB may be modulated one after the other. Therefore, 
an operator (an adjuster) can set the optimum values of 
the coefficients (Kxx, Kxy, Kyx, Kyy) of the dispersion 
control ExB by adjusting the knob 32 so as to eliminate 
movement of an image associated with the modulation 
of the control voltages (Vx, Vy). The adjusting of the co- 
efficients of the dispersion control ExB can be per- 
formed by controlling a curser or a scroll bar displayed 
on a monitor CRT using a mouse pointer instead of us- 
ing the knob 32. 

[0038] FIG. 3 is a view showing an example of a pic- 
ture (an adjustment picture) for adjusting of the coeffi- 
cients of the dispersion control E x B on the monitor CRT. 
When the coefficients of the dispersion control ExB are 
adjusted, the picture of FIG. 3 is displayed, and then the 
coefficients are set according to the following proce- 
dure. 

(1 ) A Wobbler X button in the adjustment picture is 
clicked using the mouse. At that time, the control 
CPU 40 controls the control power source 31 so that 
the control voltage Vx periodically varies. 

(2) Since the field of view of the scanned image is 
moved corresponding to the variation of the control 
voltage Vx when the values of the coefficients Kxx 
and Kxy of the dispersion correction ExB are im- 
proper, slide bars XX and YY in the adjustment pic- 
ture are adjusted so that the variation of the field of 
view is substantially eliminated. Numerical values 
displayed in the right side of the slide bars express 
the set coefficients, and numerical values may be 
directly input into the displayed windows. 

(3) A Wobbler Y button in the adjustment picture is 
clicked using the mouse. By this operation, the con- 
trol voltage Vy is periodically varied 

(4) Slide bars YX and YY in the adjustment picture 
are adjusted so as to stop movement of the scanned 
image. 

(5) The adjusted coefficients (Kxx, Kxy, Kyx, Kyy) 
are stored in the memory of the control CPU by 
clicking the Save button on the adjustment picture. 

(6) After completion of the adjustment, the adjust- 
ment picture is closed by clicking the Exit button us- 
ing the mouse. 

[0039] If an image processing function for detecting 
the movement of the image caused by the modulation 
of the control voltages (Vx, Vy) is provided, it is possible 



to automatically set the coefficients (Kxx, Kxy, Kyx, Kyy) 
so as to eliminate the movement of the image. 
[0040] FIG. 4 is a flowchart showing a processing flow 
of automatically executing the above-mentioned adjust- 
5 ment operation by the image processing. In the case of 
determining the coefficients Kxx and Kxy in regard to 
the control voltage Vx, images for cases where Vx is 0V 
and Vx is +5V are captured (S1, S2). The correlation 
between the both captured images is calculated while 
10 the both captured images are relatively being shifted in 
the X- and Y-directions pixel by pixel (S3). A shifting 
amount between the both images making the correlation 
maximum is searched (S4). The correlation between the 
both images becomes the maximum when the fields of 
15 view of the both images agree and overlap with each 
other. From the shifting amount of the images when the 
correlation between the images becomes the maximum, 
a displacement (a magnitude and a direction) of the field 
of view to the variation of control voltage Vx (5V) is ac- 
20 curately calculated (S5). Similarly, by capturing images 
with respect to different values of the coefficients Kxx 
and Kxy, a displacement amount of the image by each 
of the coefficients can be quantitatively and automati- 
cally calculated (S6, S7). From the result, the coeffi- 
25 cients Kxx and Kyy are calculated and set so as to can- 
cel out the displacement of the image by the control volt- 
age Vx (S8). Setting of the coefficients Kyx and Kyy with 
respect to the control voltage Vy is similarly executed. 
[0041] FIG. 5 is a graph showing an example express- 
so ing the relationship between the control voltages of the 
dispersion control ExB and the amount of image shift 
when the image shit is performed in the X-direction. 
When the image shift is 0, offset values of the control 
voltages (Vx, Vy) of the dispersion control ExB are set 
35 so that the path dispersion caused by factors other than 
the image shift are canceled. The offset values include 
corrections of the path dispersion caused by the offset 
of the axis of the focusing lenses otherthan the objective 
lens and of the path dispersion produced in the ExB 
40 field for deflecting the secondary electrons. Since the 
direction of image shift (the X-direction in the example 
of FIG. 3) does not agree with the direction of the path 
dispersion or since the direction of the image shift coil 
(X, Y) does not always agree with the electric field (X, 
45 Y) for controlling the dispersion Ayx and Ayy, the both 
of the voltages Vx and Vy for controlling the dispersion 
arecontroiled in linking with each otherto the X-direction 
of image shift. Further, the relationship between the con- 
trol voltage Vx and Vy and the image shift is controlled 
50 under a preset condition in linking with the acceleration 
voltage and the intensity of the sample and the objective 
lens (in FIG. 1 , the retarding voltage VR and the voltage 
VB of the booster electrode 1 6 of the objective lens por- 
tion). 

55 [0042] In FIG. 5, the values of the control voltages Vx 
and Vy under the condition of the zero-image shift are 
controlled in linking with the variation of the focusing 
point of the primary electron beam by the focusing lens 
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6. 

[0043] The correction of energy dispersion produced 
by the image shift or the other factors is performed by 
controlling the control parameters Vx and Vy in the ExB 
field generator 30 as follows. 



Vx = Axx. Xi + Axy. Yi + Vx 0 



Vy = Ayx. Xi + Ayy. Yi + Vy Q 



(9) 



(10) 



[0044] There, Xi and Yi express amounts of control of 
the image shift (amounts of deflection of the electron 
beam on the sample). The control coefficients Axx, Vx^ 
Ayx, Ayy, Vy Q are calculated in advance for each differ- 
ent optical condition such as the acceleration voltage 
and the deceleration electric field through the procedure 
of FIG. 6, and stored in an external memory unit 41. 
[0045] As the optical condition of the apparatus such 
as the acceleration voltage, the decoration electric field 
and so on is set, the CPU 40 reads out the correspond- 
ing control coefficients (Axx, Axy, Vx Q , Vy 0 ) from the ex- 
ternal memory unit 41 to execute control in linking with 
the control of the image shift so that the relationship of 
Equation (9) and Equation (1 0) are satisfied. 
[0046] FIG. 6 shows a procedure of determining the 
correction coefficients and the control coefficients. The 
correction coefficients Kxx, Kxy, Kyx and Kyy of Equa- 
tion (3) and Equation (4) are determined using the ad- 
justment means (the knob 32) of the dispersion correc- 
tion means (the dispersion control ExB field generator 
30) (S1), and the path dispersion of the electron beam 
is corrected under a condition of setting both of the im- 
age shift control amounts Xi and Yi to 0, and then the 
control parameters Vx and Vy of the dispersion correc- 
tion means capable of completely correcting the disper- 
sion are defined as the control coefficients Vx Q and Vy G , 
respectively (S2). Further, by setting the image shift 
amount Xi to a preset value, the control parameters Vx 
and Vy of the dispersion correction means capable of 
completely correcting the path dispersion of the electron 
beam are adjusted, and the control coefficients Axx and 
Axy of the dispersion correction means are determined 
from the condition (S3). Further, by setting the image 
shift amount Yi to a preset value, the control parameters 
Vx and Vy of the dispersion correction means capable 
of completely correcting the path dispersion of the elec- 
tron beam are adjusted, and the control coefficients Ayx 
and Ayy of the dispersion correction means are deter- 
mined from the condition (S4). The correction coeffi- 
cients and the control coefficients determined through 
the above-mentioned course are stored in the external 
memory unit 41. 

[0047] According to the present embodiment de- 
scribed above, the path dispersion caused by the ener- 
gy dispersion of the primary electrons produced by the 
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image shift or the other factors can be canceled. There- 
fore, in an electron beam apparatus capable obtaining 
high resolution particularly under low acceleration volt- 
age, it is possible to prevent the resolution from being 
degraded, and to perform the image shift in an arbitrary 
direction. 

[0048] As it is obvious that many changes and modi- 
fications may be made without departing from the es- 
sence of the present invention, it is to be understood 
that the present invention is not limited to the above- 
described embodiment. 



Claims 
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20 



25 



30 



35 



40 



An electron beam apparatus comprising an electron 
source for emitting an electron beam; a focusing 
lens for focusing said electron beam; and a means 
for producing a scanned image of a sample by scan- 
ning said focused electron beam on the sample, fur- 
ther comprising an energy dispersion control 
means capable of energy-dispersing said electron 
beam and producing the energy dispersion in an ar- 
bitrary direction on a plane intersecting an axis of 
said electron beam. 

An electron beam apparatus according to claim 1 , 
wherein said energy dispersion control means com- 
prises a means for producing an ExB field, and said 
ExB field contains an electric field and a magnetic 
field intersecting each other on the axis of said elec- 
tron beam. 

An electron beam apparatus according to any one 
of claim 1 and claim 2, wherein said ExB field pro- 
duces the energy dispersion in directions intersect- 
ing each other at right angle on said plane intersect- 
ing an axis of said electron beam. 

4. An electron beam apparatus according to any one 
of claim 2 and claim 3, wherein said ExB field does 
not produce any deflecting action to said electron 
beam. 



« 5. 



50 



55 



An electron beam apparatus according to any one 
of claim 2 to claim 4, wherein said ExB field in- 
cludes first and second electric field components in- 
tersecting each other and independently controlla- 
ble and a first and a second magnetic field compo- 
nents intersecting said first and said second electric 
field components and independently controllable. 

An electron beam apparatus according to any one 
of claim 1 to claim 5, which comprises a means for 
producing an acceleration voltage for accelerating 
said electron beam, and said energy dispersion 
control means is controlled in linkage with said ac- 
celeration voltage of said electron beam. 
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7. An electron beam apparatus according to any one 
of claim 1 to claim 6, which comprises a means for 
applying a voltage to said sample, and said energy 
dispersion control means is controlled in linkage 
with said voltage applied to said sample. s 

8. An electron beam apparatus according to any one 
of claim 1 to claim 7, which comprises a temporary 
acceleration means for producing a positive electric 
potential for temporarily accelerating said electron io 
beam to be irradiated onto said sample, and said 
energy dispersion control means is controlled in 
linkage with said temporary acceleration electric 
potential. 

15 

9. An electron beam apparatus according to any one 
of claim 1 to claim 8, wherein said focusing lens is 
of a magnetic field type obtaining a focusing action 
by flowing exciting current, and said energy disper- 
sion control means is controlled in linkage with said 20 
exciting current. 

10. An electron beam apparatus according to any one 
of claim 1 to claim 9, which comprises an image shift 
means for shifting a position of said electron beam 25 
scanning on said sample by electrically deflecting 
said electron beam, and said energy dispersion 
control means is controlled in linkage with a 
changed direction and an amount of deflection of 
said electron beam on said sample by said image 30 
shift means. 

11. An electron beam apparatus according to any one 
of claim 1 to claim 1 0, wherein control of said energy 
dispersion control means is manually performed by 35 
operation of a knob arranged on an operation panel 

or by mouse operation of a pointer displayed on a 
screen. 

12. An electron beam apparatus according to any one 40 
of claim 1 to claim 1 1 , further comprising an adjust- 
ing means for electrically adjusting a control condi- 
tion of said energy control means so that said elec- 
tron beam may not experience deflecting action by 

the control of said energy control means. 45 

13. An electron beam apparatus according to claim 12, 
wherein said adjusting means comprises a means 
for time-modulating a control value of said energy 
dispersion control means; and a knob arranged on 50 
an operation panel or a mouse pointer for inputting 
said tone condition. 

14. An electron beam apparatus according to any one 

of claim 1 to claim 13, further comprising a means ss 
for presetting the control condition of said energy 
dispersion control means to a plurality of different 
conditions; capturing an image corresponding to 



said control conditions; detecting positional shifts of 
the image caused by changing the control condition 
of said energy dispersion control means; and set- 
ting a control condition of said energy dispersion 
control means based on said detected results. 

1 5. An electron beam apparatus comprising an electron 
source for emitting an electron beam; a focusing 
lens for focusing said electron beam; and a means 
for producing a scanned image of a sample by scan- 
ning said focused electron beam, which further 
comprises a means for generating an electric field 
and a magnetic field intersecting each other at right 
angle on an axis of said electron beam; and a 
means for controlling strengths of said electric field 
and said magnetic field so that shift of a deflected 
direction of said electron beam by said electric field 
and said magnetic field is set to 1 80°, and a deflec- 
tion angle ratio of said electron beam of said electric 
field to said magnetic field becomes 1 to 2. 

16. An electron beam apparatus according to claim 15, 
wherein two sets of said electric field and magnetic 
field generating means are arranged so as to indi- 
vidually and independently deflect said electron, 
beam to directions intersecting each other at right 
angle on planes intersecting an optical axis of said 
electron beam. 

17. An electron beam apparatus according to claim 16, 
wherein said two sets of said electric field and mag- 
netic field generating means are arranged so that 
deflection fulcrums to said electron beam are posi- 
tioned on a single plane. 

18. An electron beam apparatus according to claim 1 6, 
wherein said two sets of said electric field and mag- 
netic field generating means are individually ar- 
ranged at different positions from each other along 
the axis of said electron beam, and said electron 
beam apparatus further comprises a control means 
for controlling individual deflection angles to said 
electron beam so as to maintain preset relationship 
between a constant ratio and directions of the de- 
flection angles to said electron beam. 
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FIG. 4 
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CAPTURING AN IMAGE 
BY SETTING Vx=OV AND 
DEFINING IT AS IMAGE 2 
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FIG. 6 



DETERMINIG CORRECTION COEFFICIENTS 
Kxx,Kxy,Kyx,Kyy OF EQUATION^) AND 
EQUATION (4) BY ADJUSTING MEANS OF 
DISPERSING CORRECTION MEANS 



CORRECTING PATH DISPERSION OF BEAM 
UNDER CONDITION THAT BOTH OF IMAGE 
SHIFT CONTROLLED VARIABLES Xi.Yi ARE 
EQUAL TO 0. AND DEFINING CONTROL 
PARAMETERS Vx.Vy OF DISPERSION 
CORRECTON MEANS CAPABLE OF 
COMPLETELY CORRECTING DISPERSION AS 
CONTROL COEFFICIENTS Vxo, Vyo 



(S1) 



(S2) 
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COMPLETELY CORRECTING PATH 
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CONTROL COEFFICENTS Axx, Axy OF 
DISPERSION CORRECTION MEANS FROM 
THIS CONDITION 
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SETTING IMAGE SHIFT AMOUNT Yi TO A 
PRESET VALUE, AND ADJUSTING CONTROL 
PARAMETERS Vx, Vy OF DISPERSION 
CORRECTION MEANS CAPABLE OF 
COMPLETELY CORRECTING PATH 
DISPERSION OF BEAM, AND DETERMINING 
CONTROL COEFFICIENTS Ayx, Ayy OF 
DISPERSION CORRECTION MEANS FROM 
THIS CONDITION 
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